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ABSTRACT 

T h i s  memorandum c o n t a i n s  estimates o f  t h e  data gene-  

Details  such  as the  d u r a t i o n  o f  i n f l i g h t  data c o l l e c t i o n ,  
ra ted on t h e  f i r s t  f i v e  f l i g h t s  o f  t h e  Apol lo  A p p l i c a t i o n s  
Program. 
number and t y p e  o f  c h a n n e l s ,  sampling r a t e s ,  and t h e  t o t a l  amount 
o f  data c o l l e c t e d  are  g i v e n  f o r  e a c h  expe r imen t  i n  Appendix A .  
S i n c e  t h e  expe r imen t  d e f i n i t i o n s  and f l i g h t  a s s i g n m e n t s  a r e  
c o n t i n u a l l y  chang ing ,  t h e  d a t a  i n  t h i s  memorandum must be used  
w i t h  c a u t i o n .  
p u r p o s e s  and n o t  as d e s i g n  r e q u i r e m e n t s .  

They are  i n t e n d e d  t o  be used  f o r  g e n e r a l  p l a n n i n g  

The changes  between Case I (March) and Case I1 ( J u l y )  
1967 i n  expe r imen t  a s s ignmen t s  and i n  t h e  expe r imen t  d e f i n i t i o n s  
have l e d  t o  n o t i c e a b l e ,  b u t  no t  s i g n i f i c a n t ,  r e d u c t i o n s  i n  estimates 
o f  b o t h  data r a t e s  and  t o t a l  data ,  as shown below: 

Case I Case I1 

A A P  1A 

A A P  1-2  

Data Rate T o t a l  Data Data Rate T o t a l  Data 
( b i t  s / s e c )  ( b i t s )  ( b i t s / s e c )  ( b i t s )  

4 x 1 0  8 3K ----- ----- 
. 2  109 25K 7 1 0 9  1 8 ~  

AAP 3-4 24K 1 x 1o1O 1 9 K  ' 6 x l o 9  
The above data r a t e s  a r e  t h e  sum of t h e  data  r a t e s  coming 

f rom e a c h  e x p e r i m e n t .  The sampling r a t e  used for each  expe r imen t  i s  
t h a t  s p e c i f i e d  by t h e  p r i n c i p a l  i n v e s t i g a t o r ;  where o n l y  a bandwidth 
was s p e c i f i e d ,  t h e  Nyquis t  r a t e  ( t w i c e  t h e  bandwidth)  i s  u s e d .  
The above  data  t o t a l s  r e p r e s e n t  o n l y  t h e  "desired" b i t s  f rom e a c h  
e x p e r i m e n t ,  i . e . ,  t h e  b i t s  t h a t  a r e  c o l l e c t e d  i f  t h e  d u r a t i o n  o f  
t h e  e x p e r i m e n t  and  t h e  r a t e s  a t  which t h e  expe r imen t  s e n s o r s  are 
sampled are e x a c t l y  as r e q u e s t e d  by t h e  p r i n c i p a l  i n v e s t i g a t o r .  

I f  t h e  sampl ing  r a t e s  used for e a c h  exper iment  are a d j u s t e d  
to be a t  l ea s t  f o u r  t i m e s  t h e  s i g n a l  bandwidth ,  and i f  t h e y  a re  f u r t h e r  
a d j u s t e d  t o  t h e  sampl ing  r a t e s  a v a i l a b l e  on t h e  PCM s y s t e m  of t h e  e x p e r i -  
m e n t ' s  c a r r i e r  module,  t h e n  t h e  data ra tes  would be more t n a n  
d o u b l e d , a s  i l l u s t r a t e d  below. I- 
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Case I1 Case I1 (With  A d j u s t e d  
Data Rate  
( b i t  s / s ec  ) (b i t s / s ec )  

Data Rate Sampl ing  Rates) 

A A P  1 A  

A A P  1-2 

AAP 3-4 

3K 11K 

1 8 ~  47K 

1 9 K  40K 

It i s  a l s o  s i g n i f i c a n t  t o  n o t e  t h e  impact  o f  t h e  EKG 
measurements  on t h e  data  r a t e s .  T h i s  i s  i l l u s t r a t e d  by t h e  
f o l l o w i n g  t a b u l a t i o n :  

Case I1 N i t h  A d j u s t e d  Sampling Rates 

AAP 1A 

Data Rate Data Rate 
With EKG's Without EKG' s 

11K 11K 

A A P  1-2 47K 1 6 K  

AAP 3-4 4 OK 11K 

The ra tes  shown i n  t h e  l e f t - h a n d  column assume 
e x p e r i m e n t  EKG measurements  would be sampled and  d i g i t i z e d .  I f  
these  measurements  were i n s t e a d  r e c o r d e d  and t r a n s m i t t e d  as  
a n a l o g  s i g n a l s ,  t h e  b i t  ra tes  would d r o p  t o  less t h a n  o n e - t h i r d  
of t h e i r  v a l u e ,  as shown i n  the r i g h t - h a n d  column. Thus,  i f  
PCM c h a n n e l  a v a i l a b i l i t y  i s  l i m i t e d ,  a n a l o g  data h a n d l i n g ,  data  

and  a hard look  a t  r e q u i r e m e n t s  s h o u l d  be c o n s i d e r e d  
for EKG data. 
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FROM: R .  K .  Agarwal 

MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

The Apol lo  A p p l i c a t i o n s  Program i s  a se r ies  o f  m i s -  
s i o n s  w i t h  t h e  p r imary  purpose  of  p e r f o r m i n g  e x p e r i m e n t s  i n  
s p a c e .  Both t h e  s e t  o f  expe r imen t s  and t h e i r  f l i g h t  a s s i g n -  
ments  are s t i l l  chang ing ,  even f o r  t h e  e a r l i e s t  m i s s i o n s .  
Nevertheless,  i t  i s  impor t an t  t o  g e t  some i d e a  o f  t h e  data  
l o a d s  e x p e c t e d  from these expe r imen t s  and t o  s t u d y  them on a 
miss ion-by-miss ion  bas i s .  These data l o a d s  are  needed to 
s p e c i f y  t h e  r e q u i r e m e n t s  f o r  on-board and ground data p r o c e s s -  
i n g  sys t ems .  
ment o f  expe r imen t s  t o  m i s s i o n s .  

T h e y  also a r e  needed as f e e d b a c k  to the a s s i g n -  

A p r e v i o u s  a t t e m p t  at e s t i m a t i n g  t h e  data l o a d s  f o r  
AAP was p r e s e n t e d  i n  a memorandum by P .  S. Schaenman, da ted  
May 31, 1 9 6 6 . *  The p r e s e n t  memorandum r e p r e s e n t s  c u r r e n t  
es t imates  for t h e  f i r s t  f i v e  AAP f l i g h t s  ( l A ,  1, 2 ,  3 and 4 ) .  
These f i v e  f l i g h t s  i n c l u d e  55 e x p e r i m e n t s  o u t  o f  a p p r o x i m a t e l y  
150 e x p e r i m e n t s  t e n t a t i v e l y  a s s i g n e d  t o  a l l  AAP m i s s i o n s .  A 
summary o f  data e s t i m a t e s  i s s u e d  by t h e  a u t h o r  as working 
p a p e r s  on March 23 ,  1967,  r e f e r r e d  h e r e i n  as Case I ,  i s  a l s o  
i n c l u d e d  t o  g i v e  an i d e a  of  how t h e  chang ing  o f  expe r imen t  
p a y l o a d s  a f f e c t s  o v e r a l l  d a t a  r a t e s  and amounts o f  data.  
Comments r e c e i v e d  from t h e  Manned S p a c e c r a f t  C e n t e r  (MSC) and 
Marshall Space F l i g h t  Center  (MSFC) on t h e  working papers  have  
b e e n  i n c o r p o r a t e d .  

TYPES OF ESTIMATES PROVIDED 

Est imates  o f  exper iment  d a t a  are  p r e s e n t e d  i n  t h r e e  
s e t s  of c h a r t s  i n  t h i s  r e p o r t .  One s e t ,  t h e  Experiment  Data 
E s t i m a t e  Charts ,  i s  g i v e n  i n  Appendix A and c o n t a i n s  f o r  e a c h  
expe r imen t  d e t a i l e d  i n f o r m a t i o n  such  as data  c o l l e c t i o n  pe- 
r i o d s ,  s ampl ing  r a t e s ,  t o t a l  b i t s ,  e t c .  T h i s  i n f o r m a t i o n  i s  
b a s e d  on expe r imen t  c o n s i d e r a t i o n s  a l o n e  whenever p o s s i b l e .  

*"Data Genera t ed  b y  AAP Expe r imen t s , "  Memorandum f o r  F i l e  , 
Case 2 1 8 ,  P .  S .  Schaenman, May 31,  1 9 6 6 .  
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T h a t  i s ,  a sampl ing  r a t e  may be g i v e n  as t h e  minimum r a t e  re -  
q u i r e d  b y  t h e  e x p e r i m e n t ,  r a t h e r  t h a n  t h e  "bes t  f i t "  chosen  
from t h e  sampl ing  ra tes  a v a i l a b l e  on t h e  e x p e r i m e n t ' s  c a r r i e r  
module.  If a sampl ing  r a t e  has been  s p e c i f i e d  b y  a P r i n c i p a l  
I n v e s t i g a t o r  ( P . I . ) ,  i t  i s  used ;  i f  n o t ,  t h e  Nyquis t  r a t e  
( t w i c e  t h e  i n f o r m a t i o n  bandwidth)  i s  u s e d .  The expe r imen t  
c h a r t s ,  t h e r e f o r e ,  p r o v i d e  a means f o r  d e t e r m i n i n g  what i s  
t h e o r e t i c a l l y  r e q u i r e d  by  an ensemble  o f  e x p e r i m e n t s  as op- 
posed  t o  what i s  e v e n t u a l l y  a l l o c a t e d  f o r  them. These c h a r t s  
s h o u l d  b e  r e l a t i v e l y  u n a f f e c t e d  by s h i f t s  o f  e x p e r i m e n t s  from 
module t o  module,  and t o  a l e s se r  e x t e n t ,  f rom f l i g h t  t o  f l i g h t .  
It must b e  s t ressed,  however, t h a t  t h e  d e f i n i t i o n  o f  t h e  i n d i -  
v i d u a l  e x p e r i m e n t s  and t h e i r  a s s o c i a t e d  equipment  are  c o n t i n u -  
a l l y  changing .  A d e t a i l e d  s e t  o f  n o t e s  e x p l a i n i n g  e a c h  column 
on t h e  Experiment  Data Estimate Charts  may b e  found i n  Appen- 
d i x  A .  

The second  se t  of c h a r t s ,  t h e  Experiment  Data Summary 
C h a r t s ,  c o n t a i n s  summaries of i n f o r m a t i o n  i n  t h e  Experiment  
Data Est imate  Char t s  a r r a n g e d  b y  f l i g h t  and by m i s s i o n .  
t h e  summary f o r  m i s s i o n s  as d e f i n e d  i n  e a r l y  March 1967," i s  
g i v e n  i n  Appendix B.  Case 11, which i s  g i v e n  i n  Appendix C ,  i s  
based on a l a t e r  p roposed  s e t  o f  expe r imen t  f l i g h t  a s s i g n m e n t s  
as g i v e n  i n  a Bellcomm memorandum by M .  S .  Feldman, dated 
J u n e  2 7 ,  1967.  Assignment of e x p e r i m e n t s  t o  modules i s  based 
on t h e  m i n u t e s  o f  t h e  March 2 0 ,  1967 mee t ing  o f  t h e  N A S A  Manned 
Space  F l i g h t  Exper iments  Board. 

Case I ,  

The summary c h a r t s  i n c l u d e  t h e  t o t a l  b i t  r a t e s  which 
are t o  be o b t a i n e d  from t h e  e x p e r i m e n t s  on e a c h  m i s s i o n  i f  a l l  
t h e  e x p e r i m e n t s  on t h e  m i s s i o n  are  s i m u l t a n e o u s l y  g e n e r a t i n g  
data  a t  t h e  ra tes  r e q u e s t e d  b y  t h e  P.I.'s. T h i s  " reques ted! '  
e x p e r i m e n t  data  r a t e  i s  d i f f e r e n t  f rom t h e  a c t u a l  expe r imen t  
da ta  r a t e  which w i l l  b e  t r a n s m i t t e d  because  o f  t h e  small v a r i e t y  
o f  s ampl ing  r a t e s  a v a i l a b l e  on e x i s t i n g  Apol lo  and Gemini PCM 
s y s t e m s .  The a c t u a l  exper iment  data r a t e  i s  a l s o  i n f l u e n c e d  b y  
whether a f a c t o r  o f  two ( t h e  Nyqu i s t  r u l e )  or someth ing  h i g h e r  
i s  used  t o  c o n v e r t  f rom des i red  i n f o r m a t i o n  bandwidth  t o  Sam- 
p l i n g  r a t e .  T h i s  i s  d i s c u s s e d  f u r t h e r  i n  Appendix A .  

The summary c h a r t s  a l s o  i n c l u d e  t h e  t o t a l  amount o f  
e l e c t r i c a l - t y p e  data g e n e r a t e d  by r u n n i n g  e a c h  expe r imen t  a t  
t h e  data ra tes  and f o r  t h e  d u r a t i o n  r e q u e s t e d  by e a c h  P . I .  
Again ,  t h i s  w i l l  n o t  b e  t h e  a c t u a l  number o f  b i t s  r e c e i v e d  on 

*The expe r imen t  f l i g h t  a s s i g n m e n t s  and module a s s i g n m e n t s  
were based on t h o s e  c o n t a i n e d  i n  t h e  m i n u t e s  o f  t h e  Februa ry  6 ,  
1967 mee t ing  of t h e  N A S A  Manned Space F l i g h t  Exper imen t s  Board.  
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t h e  ground because  o f  changes i n  t h e  r a t e s  ( f o r  r e a s o n s  de- 
s c r i b e d  above)  and changes  i n  t h e  d u r a t i o n s  as a r e s u l t  of  
u n f o r e s e e n  e v e n t s  o c c u r r i n g  d u r i n g  t h e  m i s s i o n .  

The c h a r t  i n  Appendix D ,  AAP Data Summary Ad jus t ed  
f o r  P lanned  PCM S y s t e m s ,  i l l u s t r a t e s  what happens t o  da ta  
r a t e s  when t h e y  - are  a d j u s t e d  f o r  a c t u a l  PCM s y s t e m s  and p rac -  
t i c a l  r a t h e r  t h a n  t h e o r e t i c a l  s ampl ing  r a t e s .  It i s  assumed 
t h a t :  

1. 

2. 

3. 

4. 

Exper iments  on t h e  Command and S e r v i c e  Module ( C S M )  u s e  
t h e  s t a n d a r d  Apollo PCM s y s t e m ,  which has sampl ing  
r a t e s  o f  1, 1 0 ,  5 0 ,  1 0 0 ,  and 2 0 0  s a m p l e s / s e c .  

Exper iments  on t h e  M u l t i p l e  Docking Adapter  ( M D A )  
O r b i t a l  Workshop ( O W S ) ,  I n s t r u m e n t a t i o n  Un i t  (IU), 
and Apol lo  Te le scope  Mount ( A T M )  u s e  s t a n d a r d  S a t u r n  
PCM s y s t e m s , w i t h  sampl ing  r a t e s  4, 1 2 ,  4 0 ,  and 1 2 0  
samples / sec .  

More t h a n  one channe l  o f  t h e  same sampl ing  r a t e  may 
b e  a s s i g n e d  t o  a s i n g l e  expe r imen t  w i t h  p r o p e r  phas- 
i n g  s o  t h a t ,  say,  a 2 0  s / s  r e q u i r e m e n t  can be 
s a t i s f i e d  by u s i n g  two 1 0  s / s  c h a n n e l s .  

If a sampl ing  ra te  has n o t  been  s p e c i f i e d  by t h e  P . I .  
f o r  a g i v e n  expe r imen t ,  f o u r  t imes  t h e  i n f o r m a t i o n  
bandwidth i s  used ( r a the r  t h a n  t h e  Nyquis t  r a t e ) .  

It i s  assumed here t h a t  t h e  number o f  c h a n n e l s  needed  
a t  each  sampl ing  r a t e  I s  ava i l ab le .  T h i s  i s  n o t  l i k e l y  t o  b e  
t h e  c a s e  because  o f  c o n f l i c t s  w i t h  s y s t e m s  s t a t u s  measurement 
r e q u i r e m e n t s  and hardware l i m i t a t i o n s .  Some measurements which 
r e q u i r e ,  s a y ,  1 s / s  channe l s  w i l l  b e  a l l o c a t e d  t o  t h e  n e x t  
h ighes t  a v a i l a b l e  c h a n n e l s ,  s a y ,  1 0  s / s .  T h i s  w i l l  c a u s e  t h e  
a c t u a l  data r a t e  t o  be even h i g h e r  t h a n  t h o s e  shown i n  Appen- 
d i x  D .  

The es t imates  p r e s e n t e d  i n  a l l  o f  t h e  c h a r t s  repre-  
s e n t  i n f o r m a t i o n  i n  t h e  r e f e r e n c e s  wherever  p o s s i b l e .  However, 
i n  some p l a c e s  i t  i n c l u d e s  es t imates  made w i t h i n  Bellcomm. 
There are v e r y  few "fudge  f a c t o r s "  i n c l u d e d  i n  t h e  es t imates;  
t h i s  j o b  i s  l e f t  t o  u s e r s  o f  t h i s  data .  For example,  t h e  a u t h o r  
shows f i v e  a n a l o g  c h a n n e l s  as o u t p u t s  f rom a n  expe r imen t  o n l y  
when f i v e  p a r t i c u l a r  measurements can b e  i d e n t i f i e d .  T h i s  num- 
ber i s  n o t  m u l t i p l i e d  by "two" or some such  " f a c t o r "  t o  p r o v i d e  
a ! 'margin. It 
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The l a c k  o f  p r o p e r  d e f i n i t i o n  o f  t h e  e x p e r i m e n t s ,  
e s p e c i a l l y  i n  t h e  area of d a t a  c o l l e c t i o n ,  has made t h i s  t ask  
q u i t e  d i f f i c u l t .  
t h e  b e s t  estimates a v a i l a b l e  f rom t h e  w r i t t e n  r e f e r e n c e s  as 
w e l l  as from v e r b a l  c o n t a c t s  w i t h  v a r i o u s  p e o p l e  a t  NASA Cen- 
t e r s  and Bellcomm, t h e r e  a r e  s t i l l  a few areas o f  c o n c e r n .  

Although an a t t e m p t  i s  b e i n g  made t o  p r e s e n t  

The P . I .  may r e q u i r e  a u x i l i a r y  i n f o r m a t i o n  to a n a l y z e  
h i s  expe r imen t  i n  a d d i t i o n  t o  t h e  data from h i s  e x p e r i m e n t ' s  
s e n s o r s .  F o r  example,  t h e  t i m e  and d u r a t i o n  o f  t h e  e x p e r i m e n t ,  
or d a t a  f rom o t h e r  expe r imen t s  per formed i n  t h e  same t i m e  frame 
as h i s  e x p e r i m e n t ,  may have an e f f e c t  on h i s  a n a l y s i s .  H e  may 
a l s o  r e q u i r e  a q u i c k  l o o k  a t  t h e  per formance  of  t h e  expe r imen t  
i n  r e a l  t i m e  or n e a r  real  time to a l t e r  h i s  e x p e r i m e n t ' s  ope ra -  
t i o n  or s c h e d u l e .  These r e q u i r e m e n t s  a r e  e i t h e r  a b s e n t  o r  not 
w e l l - d e f i n e d  i n  t h e  r e f e r e n c e s .  

L i k e w i s e ,  i n f o r m a t i o n  on p h o t o g r a p h i c  data  c o l l e c t i o n  
s u c h  as t h e  t y p e ,  s i z e  and volume o f  t h e  f i l m  i s  l a c k i n g  or 
vague i n  most c a s e s .  It i s  n o t  c e r t a i n  whether  t h e  photograph-  
i c  f i l m  w i l l  be  p r o c e s s e d  i n  t h e  s p a c e c r a f t  or n o t .  I f  i t  i s  
p r o c e s s e d  i n  t h e  s p a c e c r a f t ,  i t  i s  a l s o  u n c e r t a i n  i f  any p i c -  
t u r e s  are t o  b e  t r a n s m i t t e d  i n  r e a l  t i m e .  

I n  some c a s e s ,  t h e  bandwidth  r e q u i r e d  f o r  an  e x p e r i -  
ment i s  n o t  s ta ted  b u t  a sampl ing  r a t e  i s  g i v e n .  A reader  
has no idea  whether  t h e  P . I .  has used  t h e  Nyquis t  s ampl ing  
rate o r  someth ing  h i g h e r .  F u r t h e r ,  from t h o s e  c a s e s  i n  
which b o t h  bandwidth and sampl ing  r a t e  are  g i v e n ,  t h e r e  does  n o t  
seem t o  b e  any c o n s i s t e n c y  from one expe r imen t  t o  a n o t h e r  i n  t h e  
bandwidth- to-sampl ing  r a t e  c o n v e r s i o n .  

The d u r a t i o n  of expe r imen t s  i s  assumed to be  28 days  
u n l e s s  o t h e r w i s e  i n d i c a t e d  i n  t h e  data c o l l e c t i o n  p e r i o d  column. 
Al though m i s s i o n  AAP-3/AAP-4 has a 56-day d u r a t i o n ,  i t  i s  
assumed t h a t  t h e  da t a  c o l l e c t i o n  p e r i o d s  o f  p a r t i c u l a r  e x p e r i -  
men t s  would n o t  be l o n g e r  t h a n  28 d a y s ,  a g a i n  u n l e s s  o t h e r w i s e  
i n d i c a t e d .  
t h e i r  d u r a t i o n  s p e c i f i e d  i n  any r e f e r e n c e .  

Many expe r imen t s  have  no i n f o r m a t i o n  c o n c e r n i n g  

The t o t a l  number o f  c h a n n e l s  f o r  b i o m e d i c a l  house- 
k e e p i n g  data ,  i n d i c a t e d  by an a s t e r i s k  and shown i n  t h e  s u b t o t a l  
row of t h e  Experiment  Data Summary Charts,  Appendices B y  C and-D,  
are  l e s s  t h a n  t h e  a l g e b r a i c  sum o f  these  c h a n n e l s  on i n d i v i d u a l  
e x p e r i m e n t s  s i n c e  t h e  equipment used  to g e t  t h e  data  i s  common 



BELLCOMM, INC. - 5 -  

f o r  some e x p e r i m e n t s .  The number o f  c h a n n e l s  a v a i l a b l e  f o r  
common expe r imen t  u sage  i s  assumed t o  b e :  

3 Channels f o r  EKG 

1 Channel f o r  R e s p i r a t i o n  Rate 

1 Channel f o r  Blood P r e s s u r e  

C O N C L U S I O N  

The changes between March and J u l y  1967, i n  e x p e r i -  
ment a s s i g n m e n t s  and i n  t h e  e x p e r i m e n t s  t h e m s e l v e s  have l e d  t o  
a n o t i c e a b l e  b u t  n o t  p a r t i c u l a r l y  s i g n i f i c a n t  r e d u c t i o n  i n  b o t h  
data  ra tes  and data  magnitude.  T h i s  may be s e e n  i n  t h e  t a b l e  
below,  which compares d e s i r e d  da ta  ra tes  and des i r ed  t o t a l  
amounts o f  data  (Some b i o m e d i c a l  data which may o r  may n o t  b e  
coun ted  as housekeep ing  d a t a  i s  i n c l u d e d  i n  t h e  numbers below-- 
see Appendix A f o r  f u r t h e r  e x p l a n a t i o n ) .  

Case I (March) Case I1 ( J u l y )  

Data Rate  T o t a l  Data Data Rate T o t a l  Data 
( b i t s / s e c )  ( b i t s )  ( b i t s / s e c )  ( b i t s )  

AAP 1 A  

AAP 1-2 7 109 

3K 

18K 

8 4 x 10 

AAP 3-4 2 4K 1 x 1o1O 19K 6 x 10’ 

Even more i n t e r e s t i n g  i s  t h e  d i f f e r e n c e  between t h e  
d e s i r e d  sampl ing  ra tes  shown above f o r  Case I1 and t h e  same 
r a t e s  a d j u s t e d  f o r  a c t u a l  PCM s y s t e m s  and more r e a l i s t i c  samp- 
l i n g  ra tes .  The a d j u s t e d  r a t e s  a re :  

AAP 1 - 2  49KBPS 1 A d j u s t e d  r a t e s  

.AAP 3-4 4 OKBPS I ( w i t h  EKG’s) 

These ra tes  are more t h a n  double  t h e  d e s i r e d  ( a n d ,  a t  p r e s e n t ,  
more t h e o r e t i c a l  t h a n  p r a c t i c a l )  r a t e s .  T h i s  i n d i c a t e s  t h a t  
s t u d i e s  of programmable PCM s y s t e m s  w i t h  t h e  a b i l i t y  t o  v a r y  
s a m p l i n g  r a t e s ,  and more optimum methods o f  s i g n a l  s ampl ing  
and r e c o n s t r u c t i o n , s h o u l d  be i n v e s t i g a t e d .  
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It is also noteworthy that if all EKG measurements 
used in experiments were recorded and transmitted as analog 
signals (with no sampling), then the above rates drop drasti- 
cally to less than one third their values: 

Adjusted rates i (without EKG's) AAP 1-2 18KBPS 

AAP 3-4 12KBPS 1 
J 

Thus, it is extremely important to consider the data handling 
of EKG signals. If PCM channel availability is limited, then 
analog handling or data compression should be strongly con- 
sidered. * 

Appendices A through D indicate that the biomedi- 
cal and science experiments (mostly 
highest data generating experiments 

1031-RKA-jdc 

Attachments 
References 
Appendices A thru D 

R. K. 

astronomical .type) are the 
on these first five flights. 

&+ Agarwal 

*See "Improving Space Flight Telemetry , ' I  Instrumentation 
Technology, July 1967 for a discussion of EKG data compression. 
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APPENDIX A 

Experiment  Data E s t i m a t e  Charts  

A .  Symbols Used i n  t h e  C h a r t s  

1. A " ? "  by i t s e l f  i n d i c a t e s  a l a c k  o f  a v a i l a b l e  i n f o r -  
ma t ion , and  when f o l l o w i n g  a word or p i e c e  o f  da ta ,  
i t  i n d i c a t e s  h i g h  u n c e r t a i n t y  i n  t h e  es t imate .  

2 .  A ' I?  f t .  of ? f i l m "  means t h e  f o o t a g e  and t y p e  
o f  f i l m  are unknown. 

3.  P a r e n t h e s e s  " ( ) "  a round  a number i n d i c a t e  t h a t  t h e  
number was t a k e n  d i r e c t l y  from one of t h e  r e f e r e n c e s  
and i s  n o t  an estimate by t h e  a u t h o r .  Sometimes two 
numbers are g iven  w i t h  one i n  p a r e n t h e s e s .  T h i s  i s  
used  whenever t h e  a u t h o r ' s  es t imate  i s  d i f f e r e n t  
from t h a t  i n  t h e  r e f e r e n c e s .  

4 .  An "* "  i s  used  for b i o m e d i c a l  measurements  which a re  
r e q u i r e d  for a p a r t i c u l a r  expe r imen t  b u t  may a l s o  be 
r e q u i r e d  as p a r t  o f  s t a n d a r d  housekeep ing  data .  
i s  shown e x p l i c i t l y  because  t h e  e x p e r i m e n t s  may c a u s e  
more f r e q u e n t  o r  l o n g e r  b i o m e d i c a l  data  c o l l e c t i o n  
t h a n  would be  r e q u i r e d  by housekeep ing  a l o n e ,  or may 
u s e  expe r imen t  s e n s o r s  i ndependen t  of  s e n s o r s  u sed  
f o r  crew s a f e t y  da t a .  It i s  a s i g n i f i c a n t  amount o f  
da ta ,  and s i n c e  it i s  needed to i n t e r p r e t  t h e  e x p e r i -  
ments ,  may be of conce rn  f o r  s i z i n g  expe r imen t  data 
a r c h i v e s .  

It 

B. E x p l a n a t i o n  of Columns on t h e  Data E s t i m a t e  Charts 

The f o l l o w i n g  s e c t i o n s  d i s c u s s  t h e  v a r i o u s  columns on 
t h e  Data E s t i m a t e  Charts: 

Experiment  Number 

There a r e  t h r e e  numbers shown ( i f  t h e y  e x i s t )  to 
i d e n t i f y  e a c h  e x p e r i m e n t .  The f i r s t  conforms t o  t h e  most r e -  
c e n t  NASA H e a d q u a r t e r s  numbering sys t em;  t h e  second i s  t h e  old, 
a s s o r t e d  NASA numbers;  t h e  t h i r d  i s  t h e  numbering s y s t e m  used  
i n  t h e  Bellcomm exper iment  f i l e s .  

Experiment  Name 

I n  many c a s e s ,  t he  name l i s t e d  i s  one o f  s e v e r a l  
a s s o c i a t e d  w i t h  t h e  expe r imen t .  
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I n - F l i g h t  Data C o l l e c t i o n  P e r i o d  

The t i t l e  r e f e r s  t o  p e r i o d s  d u r i n g  which data  i s  
c o l l e c t e d .  T h i s  i s  - n o t  always t h e  same as t h e  p e r i o d s  d u r i n g  
which a s t r o n a u t s  are  working on t h e  e x p e r i m e n t ;  i t  d o e s  n o t  
i n c l u d e  s e t - u p  and tear-down t i m e s ,  f o r  example , .  b u t  does  i n -  
c l u d e  p e r i o d s  o f  au-comatic or n o n s u p e r v i s e d  data c o l l e c t i o n .  

Un les s  o t h e r w i s e  s p e c i f i e d ,  i t  i s  assumed t h a t  a l l  
c h a n n e l s  a s s o c i a t e d  w i t h  a n  expe r imen t  a re  o u t p u t t i n g  data  
d u r i n g  t h e  data  c o l l e c t i o n  p e r i o d s  shown. 

N a t u r e  or Source  o f  Data 

E i t h e r  a d e v i c e  o r  a t y p e  o f  data i s  l T s t e d .  

Number o f  Channels  

It i s  assumed t h a t  e a c h  i n d i v i d u a l  measurement has 
i t s  own o u t p u t  c h a n n e l ,  u n l e s s  o t h e r w i s e  s p e c i f i e d .  

P o s s i b l e  t y p e s  of c h a n n e l s  f o r  e l e c t r i c a l  s i g n a l s  
coming from e x p e r i m e n t s  bu t  b e f o r e  b e i n g  sampled are  Analog ( A ) ,  
D i g i t a l  ( D ) ,  and Bi-Level  ( B i - L ) .  Bi-Level  r e f e r s  t o  c h a n n e l s  
which h a n d l e  d i s c r e t e  b i n a r y  i n f o r m a t i o n  of  t h e  o n - o f f ,  open- 
c l o s e d  v a r i e t y .  N o n e l e c t r i c a l  data which are p h y s i c a l l y  re -  
c o v e r e d ,  such  as f i l m  and spec imens ,  have an (R) i n  t h i s  column. 

Bandwidth 

Analog c h a n n e l s  a r e  assumed t o  b e  o f  na r row,  medium, 
o r  wide bandwidth ,  where: 

Narrow i s  d e f i n e d  as 0-100 Hz. 

Medium i s  d e f i n e d  as 100-300 Hz. 

Wide i s  d e f i n e d  as >3000  HZ. 

The i d e a  b e h i n d  t h i s  c a t e g o r i z a t i o n  i s  t h a t  nar row 
bandwidth  a n a l o g  data  can  be  sampled ,  and t ha t  medium bandwidth  
da ta  can  be t r a n s m i t t e d  v i a  a vo ice -g rade  c h a n n e l .  
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Whenever possible, sampling rates spec fied by P.I.'s 
are used. If the bandwidth but not the sampling rate is given, 
the Nyquist sampling rate (twice the highest frequency) is used. 
If neither is given, estimates are made by analogy to known 
measurements. In particular, temperatures are assumed to be 
sampled at a rate of 1 sample per second, and voltages, currents, 
flow rates, and pressures at 1-10 samples per second. These 
are the rates for similar measurements in the Apollo spacecraft. 

It may be argued that in the cases where only the 
bandwidth is known, one should not use the Nyquist rate (theoreti- 
cally, the minimum sampling rate) but rather a factor of 3-5 times 
the highest frequency, i.e., 1.5-2.5 times the Nyquist rate. 
This factor is often used in spaceborne telemetry of systems data 
to ensure recovering the desired highest frequencies without dis- 
tortion introduced by real-world equipment and communications 
channels. However, the experiment data telemetered to the ground 
is unlikely to require high precision processing in real-time. 
It may, therefore, be possible to use sampling rates closer to 
the theoretical rates and use more sophisticated digital process- 
ing to reconstruct the sampled signal--in other words, trade 
reconstruction time for precision. Furthermore, judging from 
the lack of precise data handling definitions currently available 
on these experiments and the widespread tendency to overestimate 
sampling rates in the face of uncertainty, the bandwidths quoted 
in the references are probably on the high side of what are 
actually required. Thus the Nyquist rate is used as described 
in order to estimate lower bounds for the data rates from the 
various experiments. Higher, more realistic, and more likely esti- 
mates are given in Appendix D. 

Total Bits Per Second 

It has been assumed that all samples of analog signals 
are converted into 8 bit words unless otherwise specified (e.g., 
ATM experiments and SO27 are specified as 10 bit formats). It 
has also been assumed that all digital channel information is 
encoded in 8 bit words (ATM and SO27 excepted). Thus, the data 
in the bits per second column are usually calculated from: 
bits/second = (no. of channels)(sampling rate per channel)(8 bits 
per sample ) . 
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Sometimes an  e x p e r i m e n t e r  r e q u e s t s  more or l e s s  t h a n  
8 b i t s / s a m p l e  because  of a g r e a t e r  or l e s s e r  a c c u r a c y  r e q u i r e -  
ment.  T h i s  w i l l  b e  shown b y  p u t t i n g  t h e  e x p e r i m e n t e r ' s  b i t s / s e c .  
f i q u r e  i n  p a r e n t h e s e s ,  unde rnea th  t h e  c o r r e s p o n d i n g  f i g u r e  
u s i n g  8 b i t s / s a m p l e .  

T o t a l  Amount o f  Data From Experiment  ( D e s i r e d )  

T o t a l  d i g i t a l  and sampled (na r row band)  a n a l o g  data 
from e a c h  expe r imen t  are added t o g e t h e r  and e x p r e s s e d  i n  b i t s .  
T o t a l  b i t s  are c a l c u l a t e d  from: 

T o t a l  no .o f  b i t s  = t o t a l  d a t a  c o l l e c t i o n  t i m e  ( s e c o n d s )  x b i t s / s e c .  

For medium or wideband data ,  t h e  t o t a l  data  i s  ex- 
p ressed  i n  terms of  medium or wideband channe l -hour s .  Ten 
channe l -hour s  c o u l d  be 1 0  c h a n n e l s  g e n e r a t i n g  f o r  one hour  or 
one c h a n n e l  f o r  1 0  h o u r s .  For p h o t o g r a p h i c  da ta  t h e  number of 
p h o t o s  or f e e t  o f  f i l m  i s  used  for t c t a l  da ta .  

I t  i s  i m p o r t a n t  to r e a l i z e  t h a t  t h e  "Desired T o t a l  
Amount o f  Data" i s  t h e  amount r e q u e s t e d  by t h e  e x p e r i m e n t e r ,  
and  n o t  t h e  a c t u a l  t o t a l  r e c e i v e d  on t h e  ground.  The a c t u a l  
t o t a l  r e c e i v e d  w i l l  b e  i n c r e a s e d  b y  t h e  permanent a s s ignmen t  
o f  p a r t i c u l a r  PCM i n p u t  channe l s  to p a r t i c u l a r  expe r imen t  
measurements  f o r  an e n t i r e  m i s s i o n .  Data w i l l  b e  c o l l e c t e d  
from a c h a n n e l  whenever i t  i s  sampled, r e g a r d l e s s  of whethe r  
or n o t  t h e  expe r imen t  a s s o c i a t e d  w i t h  t h a t  channe l  i s  o p e r a t i n g .  
The a c t u a l  t o t a l  r e c e i v e d  w i l l  b e  d e c r e a s e d  b y  f a c t o r s  such  as 
l a c k  of  a v a i l a b l e  a s t r o n a u t  t ime  t o  comple te  an  e x p e r i m e n t ,  
m a l f u n c t i o n i n g  of  exper iment  equipment ,  and m i s s i o n  c o n t i n g e n c i e s .  

R e q u i r e s  I n f o r m a t i o n  on S/C A t t i t u d e  or T r a j e c t o r y  

Many expe r imen t s  r e q u i r e  knowledge of  t h e  s p a c e c r a f t ' s  
t r a j e c t o r y  or a t t i t u d e  (and a t t i t u d e  r a t e s )  f o r  p o s t - f l i g h t  
a n a l y s e s .  T h i s  need  i s  i n d i c a t e d  b y  a "yes r r  i n  t h e  a p p r o p r i a t e  
column. Dashes mean "no" or "no t  a p p l i c a b l e .  '' 

Real T i m e  Voice During Experiment  

I n  some expe r imen t s  t h e r e  i s  a r e q u i r e m e n t  f o r  v o i c e  
communicat ions w i t h  t h e  ground d u r i n g  t h e  per formance  of t h e  
e x p e r i m e n t .  An "x" i n  t h i s  column i n d i c a t e s  t h i s  r e q u i r e m e n t  
i s  n e c e s s a r y  or h i g h l y  d e s i r a b l e .  
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R e f e r e n c e s  

A l l  w r i t t e n  i n f o r m a t i o n  a v a i l a b l e  t o  and used  by t h e  
a u t h o r  on e a c h  expe r imen t  i s  i n d i c a t e d  i n  t h i s  column. A l i s t  
i s  i n c l u d e d  which g i v e s  a l l  t h e  r e f e r e n c e s  i n d i c a t e d  i n  t h i s  
column. The forms r e f e r r e d  t o  are  s t a n d a r d  NASA forms f o r  ex- 
p e r i m e n t s .  Form 1138 ( r e c e n t l y  r e p l a c e d  by Form 1 1 4 6 )  i s  t h e  
p r o p o s a l  which t h e  P r i n c i p a l  I n v e s t i g a t o r  has t o  submi t  f o r  h i s  
p a r t i c u l a r  e x p e r i m e n t .  A new form,  1147, e n t i t l e d  "Experiment  
Implemen ta t ion  P l a n "  ( E I P ) ,  i s  p r e p a r e d  by NASA f o r  e a c h  
expe r imen t  and expands upon t h e  1 1 4 6  form. 

Remarks 

I n  some c a s e s ,  a d i s c r e p a n c y  has been  found i n  com- 
p a r i n g  d i f f e r e n t  r e f e r e n c e s  f o r  a p a r t i c u l a r  expe r imen t .  An 
a t t e m p t  i s  made t o  i n d i c a t e  s u c h  d i s c r e p a n c i e s  (when t h e y  were 
n o t  o b v i o u s l y  o u t d a t e d )  or any o t h e r  i m p o r t a n t  i n f o r m a t i o n  n o t  
c o v e r e d  i n  any o t h e r  column, such  as t h e  u s e  o f  a computer  t o  
p r o c e s s  t h e  data  on b o a r d  the  s p a c e c r a f t .  
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